Objective: To report the clinical experience in using the Airtraq ® in awake tracheal intubation in patients with known or potential difficult airway, or unstable cervical spine. Methods: Case series study. Twenty patients with known or potential difficult airway, or unstable cervical spine who underwent elective operations and might require awake fibreoptic intubation were recruited. After standardised topical anaesthesia of the airway, awake intubation was performed using the Airtraq ® . The duration of the intubation procedure, the intubation difficulty scale (IDS), the rate of successful placement of endotracheal tube and patient's satisfaction were recorded. Results: Fifteen out of the twenty patients were successfully intubated with the Airtraq ® under awake condition leading to an overall success rate of 75%. Eleven of them were intubated in the first attempt. The mean duration of intubation was 1 min 33 s. Concerning the degree of difficulty of intubation using the Airtraq ® , as evaluated with the IDS, 20% was ranked as easy and 80% was slightly difficult. Excessive secretion, patient gagging, inability to cooperate and inadequate view of larynx were the major reasons of failed intubation. Eighty percent of the patients considered the intubating procedure with the Airtraq ® under awake condition acceptable. In general, patients felt mild pain and discomfort and were satisfied with the intubation process. Conclusion: Airtraq ® may be a useful alternative of flexible bronchoscope for awake intubation with low rate of minor complications in the elective operation setting. (Hong Kong j.emerg.med. 2015;22:248-255 
Introduction
The Airtraq ® (Prodol Meditec S.A., Vizcaya, Spain) is a new optical laryngoscope that has been developed to facilitate tracheal intubation in patients with normal or difficult airway ( Figure 1 ). Awake intubation is an airway management technique which is frequently used in patients with known or potential difficult airway, or unstable cervical spine. Keeping the patient awake has multiple benefits, which include protection of cervical stability, preserving neurological integrity, securing the air way, maintaining spontaneous breathing and avoiding aspiration.
Due to the Airtraq ® 's special curvature and optical design, clear view of the glottis can be seen without the need for displacement of the tongue and alignment of the oral, pharyngeal and laryngeal axes. Thus, much less force is needed to apply to the oropharyngeal structure than the conventional direct laryngoscopy and hence it is potentially suitable for awake intubation. There have been case reports of using the Airtraq ® in awake tracheal intubation 1, 2 which were successful and well-tolerated by patients.
The reported experience with the use of the Airtraq ® in awake intubation in the literature is limited. Therefore, we conducted a study on a series of cases, so as to investigate the effectiveness of the Airtraq ® in awake intubation, including the duration of the intubation procedure, the intubation difficulty scale (IDS) score (Appendix), 3 the rate of successful placement of endotracheal tube, and complications such as dental trauma and haemodynamic changes during the intubation procedure. Patient's tolerability to the procedure was also assessed after patients were extubated post-operatively.
Methods
This was a prospective observational study conducted in the Department of Anaesthesia and Intensive Care of Tuen Mun Hospital which is an acute regional hospital located in the New Territories West of Hong Kong. Between January 2009 and December 2010, we recruited 20 patients undergoing general anaesthesia for elective surger y, with American Society of Anesthesiology (ASA) status I to IV, age >18, no known history of drug allergy to local anaesthetic agents, and indications for awake fibre-optic intubation for any reasons.
After notification by the attending anaesthetist, consecutive eligible patients gave written informed consent the day before surgery. The indications for awake intubation included any of the followings: 1. Cervical spine instability 2. Potential difficult airway 3. Previously documented difficult intubation Criteria for cervical spine instability were set as the presence of structural instability at the level of C1 to C7 which led to neurological deficits that required surgical interventions. Likewise, potential difficult airway was defined as the presence of at least 2 of the following signs on physical examination: 1. Thyromental distance <6 cm 2. Interincisor distance <4 cm 3. Mallampati score 3 or 4 4. Limited neck movement
Those subjects who had limited mouth opening (<1.8 cm), orophar yngeal tumor, endotracheal intubation other than the oral route, or those who required double lumen tube insertion were excluded.
On arrival of the patient in the operating theatre, standard monitoring, including ECG, non-invasive blood pressure (NIBP), and pulse oximetry were applied and maintained during the intubation procedure. NIBP was monitored at 1 minute interval. Midazolam 0.5-3 mg was given intravenously for sedation based on individual case need and was titrated according to patient's response. All patients in the study received standardised local airway anaesthetising technique. The airway of patient was anaesthetised by asking patient to gargle two consecutive 5 ml aliquots of 2% Xylocaine viscous for 1 minute each, followed by trickling 5-10 ml 5% lignocaine, as limited by the maximum dose of 9 mg/kg, onto the dorsum of the protruded tongue during mouth breathing. This method has been demonstrated to be an effective way to anaesthetise the airway. 4 Thereafter, awake endotracheal intubation was performed with the Airtraq Data collected for analysis included demographic characteristics and airway assessment of patients enrolled in the study. The primary endpoint was the duration of the intubation procedure, which was defined as the time taken from the insertion of the Airtraq ® between the teeth until the endotracheal tube was placed through the vocal cords. If the endotracheal tube was not visualised when passing through the vocal cords, the time indicating the end of the intubation procedure was taken as the appearance of ETCO2 in exhaled breath. We also recorded the IDS score, 3 the rate of successful placement of endotracheal tube with the Airtraq ® and patient's satisfaction. The IDS is a scoring system objectively characterises the complexity of endotracheal intubation (Appendix). If any of the significant complications was present, e.g. haemodynamic changes, desaturation, esophageal intubation and patient discomfort, the procedure would be considered as unsuccessful and converted to other method. Patient's satisfaction with the intubation procedure was assessed postoperatively, either in the recovery room or in the intensive care unit, when the patient was extubated and fully awake. The degree of pain, discomfort, patients' acceptability, and the overall satisfaction were rated on a visual analogue scale with a range of 0 to 10 as described in Table 1 .
Other measurements included the type and severity of buccal mucosal or dental trauma, any significant haemodynamic change (>20%) and desaturation (SaO 2 <95%) during the intubation procedure, any problem concerning the use of the Airtraq ® and the alternative method used for intubation if Airtraq ® failed. Last but not least, any comments by patients and all the anesthetists involved in the intubation procedure were noted.
Since this study involved patients with unstable cervical spine, known or potential difficult airway, fibre-optic bronchoscope was prepared for all patients as a backup intubation device in case of failed intubation with the Airtraq ® . If any other complications developed during the procedure, the patient would be managed according to the ASA difficult airway protocol. Table 1 . Patients' degree of pain, discomfort, acceptability, and overall satisfaction of the intubating procedure
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Results
A series of 20 patients were enrolled and all patients consented to participate in the study. The demographic data were given in Table 2 . The mean age of our group of patients was 54.1 with a male: female ratio of 14:6. The average body mass index was 23.9 kg/m 2 . Moreover, all patients were in the ASA status of I to IV. The preoperative airway assessment data and the indications for awake intubation were presented in Table 3 . The mean thyromental distance was 5.2 cm (range 3.5-6.5 cm), the average interincisor distance was 3.9 cm (range 3.5-4.5 cm), 9 out of 20 patients (45%) had a Mallampati score 3 or 4 and 10 (50%) of all the patients had limit ed neck movement. Concerning the indications for awake intubation, 30% of the cases had cervical myelopathy, 30% had potential difficult airway, 10% had documented known difficult airway, while 30% of patients had both cervical myelopathy and potential difficult airway.
After the baseline vital signs values were taken, all patients received standardised local air way anaesthetising technique, followed by awake intubation with the Airtraq ® . Fifteen patients were successfully intubated with the Airtraq ® and the overall success rate was 75%. The mean intubating duration was 1 min 33 s and the median was 46 s. In total, 87% of the intubation procedures could be completed in 3 min, 47% within 30 s, and the shortest duration of intubation was 10 s. In 11 (73%) of the cases, patients were successfully intubated in the first attempt. Optimisation maneuvers were necessitated for intubation in 8 patients (53%). Increased lifting force was the commonest (47%) maneuver practiced, followed by external lar yngeal pressure (7%). Concerning the degree of intubation difficulty, 20% was ranked as easy, 80% was slightly difficult and none was difficult. The average IDS score was 1.7. The parameters about the successful intubation attempts were given in Table 4 .
Nineteen patients required IV midazolam (average dose 1 mg) for sedation during the intubation procedure. Reasons for unsuccessful use of the Airtraq ® for awake intubation and any problems/complications observed during the intubating procedure were shown in Tables  5 and 6 , respectively. With respect to the problems enc ou nt ered du rin g th e us e o f th e A ir tr aq ® , endotracheal tube cuff tear was noticed in 1 case after tracheal intubation and a new endotracheal tube was railroaded via a bougie. There was no major dental or buccal injury. Only a minor case of buccal bleeding was noted. Desaturation below SpO 2 95% was observed in 1 case after repeated intubation attempts. Furthermore, patient discomfort was noticed in 4 (20%) and esophageal intubation in 3 (15%) patients. No patient suffered from other serious complications such as tooth loosening/dislodgement, vomiting or aspiration.
Heart rate and arterial pressure changes can be objective indicators of distress or discomfort produced. The baseline values of patients' heart rate and blood pressure were recorded when patients arrived to the operating theatre. Significant increase in blood pressure and heart rate was noted in 3 (15%) of the cases. The average rise in hear t rate was 10 bpm, which represented 110% of the baseline value. The mean systolic arterial pressure increase was 14.1 mmHg, which represented 114% of the baseline value.
Furthermore, patients' perception of the intubating procedure was assessed postoperatively once they were fully awake after extubation. Eighteen of the patients were interviewed in the recovery room and 2 of them in the Intensive Care Unit. The visual analogue scale was used to measure the degree of pain, discomfort, acceptability and overall satisfaction (Figure 2 ). Sixteen (80%) patients considered the awake intubation procedure with the Airtraq ® acceptable. The mean acceptability score was 6.2. Twelve (60%) of them felt no pain and 5 (25%) felt moderate to severe pain. The average pain score was 2.1. Similarly, 50% of our group had no discomfort and the mean discomfort score was 3.1, which was slightly higher than the pain score. In general, patients were satisfied with the intubation process and the mean satisfaction score was 6.8. Figure 2 . Visual analogue scales of the degree of pain, discomfort, acceptability and overall satisfaction.
Discussion
Our study demonstrated that the Airtraq ® could be a useful option for awake intubation with high success rate, low incidence of complications and good patient acceptance. In comparison with the traditional method for awake intubation, i.e. under fibre-optic guidance, Airtraq ® is packaged clean and ready to use, without the need of preparation and sterilisation beforehand, which is favourable for emergency awake intubation. Moreover, it is disposable, thus preventing the risk of cross contamination. Furthermore, the technical skills required are easier to master and therefore might improve the safety and success rate in difficult airway management, especially in the hands of less experienced anaesthetists. This has been demonstrated in operators without previous training in intubation 5 or experience in airway management. 6 Besides, there were studies comparing the Airtraq ® with Macintosh laryngoscope in tracheal intubation in manikin, 7 in routine airway management of patients under general anaesthesia, 8 and also in difficult airway scenarios such as cervical spine immobilisation by experienced anaesthetist. It has been proven that the Airtraq ® is at least comparable to Macintosh laryngoscope in terms of effectiveness in intubation, and is even superior in difficult airway situations. 7, 9 There were also case series suggesting that the Airtraq ® is a useful and efficient method to secure the airway after failure of direct laryngoscopy in emergency condition. 9, 10 Moreover, the Airtraq ® 's unique blade and reflective instruments configuration allow indirect laryngeal exposure without hyperextension of the cervical spine compared with Macintosh lar yngoscope.
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The Airtraq ® has also been reported to be useful in patients with cervical spine immobilisation. 12 Hence, the use of Airtraq ® is especially beneficial in patients with cervical instability and myelopathy.
However, there are obvious constraints concerning the applications of the Airtraq ® . It cannot be used in patients with very limited mouth opening or with oropharyngeal lesions that impede its proper insertion.
Besides, it is impossible to evaluate or negotiate subglottic pathology using the Airtraq ® . Furthermore, with reference to our study, the Airtraq ® was difficult to use in patients with excessive secretion, gag reflex, and inability to cooperate which forbade the optimal view of the larynx. Also, initially we used 2% lignocaine for local anaesthesia of patient's airway but we noticed a very high failure rate with the use of the Airtraq ® . Therefore, after the first 5 cases, we increased the concentration of lignocaine to 5% and we observed a significant rise in the success rate. Hence, psychological preparation of the patient and adequate local anaesthesia of the air way are essential for successful awake intubation with the Airtraq ® . Cautious administration of sedation and antisialogue may also be helpful. In case of excessive secretion, saliva can be effectively removed by placing a suction catheter inside the endotracheal tube. Besides, optimisation maneuvers such as increasing the lifting force and applying external laryngeal pressure are useful in improving the laryngoscopic view.
There were a number of important limitations of this study. Firstly, our study was conducted in the elective operation setting. Thus, the results of our study may not be extrapolated to the situation of airway management in emergency department. However, our study showed the feasibility of performing awake intubation with the Airtraq ® in selected patients with known or potential difficult airway, or unstable cervical spine. It also provided a comprehensive evaluation of this airway management technique which can be performed in emergency situation. Secondly, we only reported our clinical experience with the Airtraq ® in this case series. Comparison with the other intubation equipment, e.g. fibre-optic guidance in awake intubation, was not performed. In addition, our investigators had variable level of experience with the Airtraq ® in awake intubation, which might affect the overall performance. Nevertheless, we observed that as the users became more skillful, the success rate approached nearly 100%. Lastly, some of the subjects were interviewed in the Intensive Care Unit a few days postoperatively which might affect their recall and perception towards the intubating procedure.
Conclusion
Airtraq ® could be a useful alternative for awake intubation with low rate of minor complications and patients discomfort in the elective operation setting. Further studies are needed to determine its relative efficacy compared with other intubation devices and the feasibility of using this airway management technique in other settings, e.g. emergency department. 
Appendix. Intubation Difficulty Scale (IDS)

